Due to the expansion of strawberry nursery cultivation, transplant production has become an important industry in Egypt. Nitrogen and phosphorus are the most important nutrients affecting the number and quality of strawberry transplants. However, no empirical research exists addressing the optimal requirements of nitrogen and phosphorus fertilization rates for strawberry nurseries in Egypt, until now. This study was conducted at a private farm in Abo Ghalib, Giza Governorate, Egypt during the two successive summer seasons of 2015 and 2016 to determine the optimal requirements of nitrogen and phosphorus fertilizations for Festival strawberry cultivar nurseries via evaluating the influence of four nitrogen rates (83, 100, 117 or 134 kg N/feddan) and five phosphorus rates (38, 62, 74, 86 or 98 kg P2O5/feddan) in a factorial experiment. Results revealed that increasing the rates of nitrogen and phosphorus fertilizations increased the number of main runners/mother plant and number of marketable transplants/m 2 , and enhanced all vegetative growth parameters, leaf SPAD readings, leaf relative water content, crown diameter, crown carbohydrates, and leaf mineral content in both growing seasons. On the contrary, both elements had an inverse effect on leaf total soluble phenols. Thus, the study recommends to the nurserymen of Festival strawberry cultivar to apply 117 or 134 kg N with 98 kg P2O5 per feddan under pure sandy soil condition which gave the highest number of transplants with high quality and subsequent high quality crop in the field.
INTRODUCTION
Strawberry (Fragaria x ananassa Duch.) is an important small fruit of great nutritional and medicinal value (Maas et al 1991) which belongs to the Rosaceae family. In Egypt, strawberry cultivated area was 6509 ha with an average yield of 43.55 tons ha -1 and a total production of 283471 tons Arab Univ. J. Agric. Sci., Special Issue, 26(2A), 2018 plant growth and leaf area and induces a decrease in the rate of photosynthesis and leaf N content (Deng and Woodward, 1998). On the other hand, at the excess and surplus of the nitrogen, the growth is exaggerated, with excess of leaves, causing in the susceptibility to pathogens, poor performance and low survival percentage after transplanting (Kirschbaum et al 2010).
Phosphorus also is an essential element for plant growth (Epstein and Bloom, 2004), and is an important nutrient for crop propagation, health and vigor of strawberry plants (Li et al 2010) . Plants need the phosphorus for the accumulation and release of energy associated with cellular metabolism since phosphorus plays a major role in energy storage and transfer via the molecules of ADP and ATP which are the sources of the energy that drives many chemical reactions within the plants ( Marschner, 2012) . Also, phosphorus acts as a structural element of nucleic acids (DNA and RNA molecules) (Uchida, 2000, Marschner, 2012) . The deficiency of phosphorus reduces both respiration and photosynthesis and also decreases protein and nucleic acid synthesis leading to the delaying of cell growth and subsequently decrements in plant growth (Marschner, 2012) . On the other hand, excess amounts of phosphorus compete with other micronutrients like iron, manganese, and zinc resulting in leaf chlorosis and decreased plant growth (Choi and lee, 2012, Choi et al 2013)
Therefore, the current study was designed to determine the optimal requirements of nitrogen and phosphorus fertilizations for Festival strawberry cultivar nurseries via evaluating the influence of four nitrogen rates (83, 100, 117 or 134 kg N/feddan) and five phosphorus rates (38, 62, 74, 86 or 98 kg P2O5/feddan) in a factorial experiment.
MATERIALS AND METHODS

Experimental site and cultivar
This study was conducted at a private farm in Abo Ghalib, Giza Governorate, Egypt, during the two successive seasons of 2015 and 2016. The aim of this study was to determine the optimal requirements of nitrogen and phosphorus fertilizations for Festival strawberry cultivar nurseries, since it is an important cultivar which planted widely in Egypt for exportation as fresh or frozen fruits. The soil type was a virgin sandy soil with pH of 7.6 and EC of 0.8 mmhos/cm. The electrical conductivity was determined in the extract of saturated soil paste according to the method mentioned by Jackson (1973) . The pH values were measured in soil suspension (1:2.5) using pH meter according to the method mentioned by Black et al (1965) .
Fertilization treatments and cultivation
Chicken manure at 30 m 3 /feddan with the initial calcium superphosphate at 250 kg/feddan (approximately 38 kg P2O5/feddan) were added, three weeks before cultivation. Nursery mother transplants (Super Elite plants) were taken out from the cold storage then dipped in 0.2% Rhizolex solution for 20 minutes and planted as plugs on the 1 st and 4 th of May in the first and second season, respectively. The transplants were spaced at 1.5 m between plants and 1.75 m between rows. Flowers were continuously removed from mother plants during the first month after transplanting. Drip irrigation system in the first two months was used then the micro sprinkler irrigation system (4 m x 5 m) was used. Four nitrogen fertilization rates (83, 100, 117 or 134 kg N/feddan) were added as ammonium nitrate fertilizer, while commercial phosphoric acid at rates of 0, 40, 60, 80 or 100 l/feddan to make five phosphorus fertilization rates (38, 62, 74, 86 or 98 kg P2O5/feddan) were used. A constant rate of potassium sulfate (96 kg K2O/feddan) was added. The fertilizers were added through the dripirrigation system three times a week during the nursery period.
All other agricultural practices such as runner fixation, and pest and diseases control were performed as recommended for strawberry nurseries.
Experimental design
The experiment was a factorial designed as randomized complete blocks with three replicates. Each experimental plot contained two rows each of 1.75 m wide and 5 m long (plot area = 17.5 m 2 ). 
Data recorded
Number of runners and transplants
Vegetative growth characteristics
The fresh transplants of strawberry were carefully dug out with a garden trowel to avoid the root damage. Root and plant lengths were measured. Number of leaves/plant was counted. Average leaf area was calculated as relation between area unit and fresh weight of leaves (Koller, 1972) using the following equation:
= .
In the laboratory, the plants were washed then root and vegetative growth fresh weights were recorded. They were dried in an oven at 70°C until constant weight to record the root and vegetative growth dry weights.
SPAD Readings
The leaf greenness of the obtained transplants was measured by a portable chlorophyll meter (SPAD-502, Konica Minolta Sensing, Inc., Japan). The SPAD measurements were taken at four locations on each leaf; two on each side of the midrib on the youngest fully expanded leaves of randomly selected five plants per plot and then averaged (Khan et al 2003).
Total soluble phenols
Total soluble phenol content was determined spectrophotometrically, according to the FolinCiocalteu method as described by López-Arnaldos et al (2001), using gallic acid (0-1000 µM) as the standard. The absorbance at 765 nm of reaction media was determined using a Multiskan™ GO Microplate Spectrophotometer after a 3 hour-incubation period at room temperature in the dark. Analysis was done in triplicate for each sample. Total soluble phenol content was expressed as gallic acid equivalents (GAE) per gram dry weight.
Leaf relative water content (RWC)
Leaf relative water content (RWC) was measured on fully expanded leaves according to the method of Barrs and Weatherley (1962). Fresh weight (FW) was immediately recorded, and then leaves were immediately soaked for 4 hours in distilled water at room temperature under a constant light and saturated humidity to record turgid weight (TW). The samples were then dried for 24 hours at 80 ºC for recording dry weight (DW). Relative water content (RWC) was calculated by the following formula:
Leaf membrane stability index (LMSI)
Leaf membrane stability index (LMSI) was determined by the method of Sairam et al (1997). Leaf disks (200 mg) were taken in two sets of test tubes containing 10 ml of distilled water. One set was kept at 40ºC in a water bath for 30 minutes and electrical conductivity (C1) was measured. The second set was incubated at 100ºC for 15 minutes and electrical conductivity (C2) was measured. The MSI was calculated according to the following formula:
MSI (%) = (1-) ×
Crown diameter and crown carbohydrate determination
Average diameter of crowns was measured using caliper. Total carbohydrates of crowns were determined using phenol sulphuric acid method (DuBois et al 1956).
Mineral analysis of leaves
Leaf samples were dried at 70 C˚ in an oven until constant weight then pulverized to pass a 1 mm sieve. Dry samples of 0.1 g were taken and digested using the wet digestion method by using a mixture of sulphuric acid 98% and hydrogen peroxide 30% as described by Thomas et al (1967) .
All the studied elements were assayed in the digest extract of the plant samples. Kjeldahl method was used to determine total nitrogen as described by Chapman and Pratt (1961). Spectrophotometer was used to measure phosphorus content using the ascorbic acid method (AOAC, 2005). Flame photometer was used to measure potassium as described by Page et al (1982 
Statistical analysis
The statistical analysis was conducted using the CoStat package program (Version 6.303; CoHort Software, USA). Data were subjected to analysis of variance (ANOVA). The differences among means of data were compared by Duncan's Multiple Range Test (Waller and Duncan, 1969). All statistical determinations were made at P ≤ 0.05. Concerning the phosphorus fertilization, the applications of 86 or 98 kg P2O5/feddan gave the highest significant numbers of main runners and number of transplants, while the application of 38 kg P2O5/feddan gave the lowest ones in both seasons. Previous studies reported that high phosphorus rates increased the number of runners and daughter plants, while the excessive phosphorus nutrition could harm the nursery productivity since it reduced the numbers of runners and daughter plants, and increased the number of dead runners; suggesting that too much soil phosphorus may prohibit nursery plant vegetative propagation and macronutrient acquisition (Li et al , 2014 . These increments in the numbers of runners and daughter plants may be attributed to the roles of phosphorus in storing and transfer of energy during photosynthesis process (Marschner, 2012). Also, phosphorus acts as a structural element of nucleic acids (DNA and RNA molecules) (Uchida, 2000, Marschner, 2012).
RESULTS AND DISCUSSION
Number of runners and transplants
Data in
The interactive effects of the applications of nitrogen and phosphorus fertilizations were nonsignificant on the number of main runners/mother in both growing seasons. On the contrary, high rates of nitrogen with high rates of phosphorus fertilizations exhibited significant increases in number of marketable transplants/m 2 . The applications of 117 kg N with 86 or 98 kg P2O5/feddan, and 134 kg N with 74, 86 or 98 kg P2O5/ feddan were the most effective applications. These increments in the number of transplants may be attributed to the synergistic functions of both elements upon the physiological and biochemical processes in the plants.
Vegetative growth of plants
Increasing the rates of nitrogen fertilization increased all vegetative growth parameters of strawberry transplants (Tables 2 and 3 ). The applications of 117 or 134 kg N/feddan gave the highest values of all recorded vegetative growth parameters, i.e. root and plant lengths, number of leaves/plant, average leaf area (Table 2 ) and fresh and dry weights of roots and vegetative growth (Table 3) in both growing seasons. The fertilization at 134 kg N/feddan gave the highest significant values of all aforementioned recorded data. On the other hand, the 83 kg N/feddan application gave the lowest ones in both seasons. al 2016) , which all together encourage overall plant growth and development.
As for the effect of phosphorus fertilization on strawberry transplants in the nursery, the results in Tables (2 and 3) revealed that phosphorus fertilization at high rates (74, 86 or 98 kg P2O5/feddan) gradually gave the highest values of growth parameters of strawberry transplants in both seasons. On the contrary, strawberry plants fertilized with 38 kg P2O5/feddan exhibited the lowest values. These results are in a good accordance with those obtained by Li et al (2009) who found that high phosphorus rates augmented plant height, number of leaves and leaf area of strawberry. The stimulatory effects of high phosphorus rates on the vegetative growth parameters could be attributed to the role of phosphorus in plants since phosphorus promotes root growth and development and consequently improves the uptake of nutrients including phosphorus which encourages the root elongation and all vegetative growth parameters of plants (Hill et al 2006) . Moreover, the increased supply of phosphorus might have stimulated the rate of various physiological processes in the plant and led to increased growth parameters which resulted in increased number of runners and number of transplants. In this connection, data in Tables (2 and 3 ) are well correlated with data in Table (1) .
Except for the root parameters (length, and fresh and dry weights of roots) in the second season, the combination between nitrogen and phosphorus fertilizations had no significant effects on all growth parameters of strawberry transplants. However, high rates of nitrogen (117 or Tables (2 and 3) may be attributed to the synergistic functions of both elements upon the physiological and biochemical processes which improve overall the growth and development of the plants. In this connection, nitrogen is an essential element of all the amino acids in plant structures which are the building blocks of plant proteins (Epstein and Bloom, 2004). Furthermore, it is important in the chlorophyll formation which is necessary for the photosynthesis process in the plant (Uchida, 2000, Leghari et al 2016). In addition, phosphorus plays major roles in photosynthesis and respiration processes, since phosphorus plays a major role in energy storage and transfer (Marschner, 2012). Also, phosphorus acts as a structural element of nucleic acids (DNA and RNA molecules) (Uchida, 2000, Marschner, 2012).
SPAD readings and total soluble phenols
The applications of 117 and 134 kg N/feddan gave the highest significant SPAD readings, while the 83 kg N/feddan application gave the lowest significant ones in both growing seasons (Table 4) . These results concur with those reported by García-Méndez et al (2009) who found that increasing nitrogen rates enhanced strawberry leaf chlorophyll content. The enhancement of SPAD readings may be attributed to the fact that nitrogen is a part of the enzymes associated with chlorophyll synthesis (Chapman and Barreto, 1997). On the contrary, the nitrogen fertilization showed an inverse effect on total soluble phenols. The obtained results revealed that total soluble phenols were decreased as the nitrogen fertilization increased. As for the phosphorus fertilization, the applications of 86 or 98 kg P2O5/feddan gave the highest significant SPAD readings in the first season, while the phosphorus fertilization did not significantly affect SPAD readings in the second season. On the contrary, as the phosphorus rates increased, total soluble phenols in strawberry leaves decreased. However, the differences were not significant in both seasons. These findings agree with the previous studies which demonstrated that phosphorus application reduced the polyphenols including the total phenolic compounds (De Long et al 2016).
In addition, the interactive effect of nitrogen and phosphorus fertilization had no significant effects neither on SPAD readings nor on total soluble phenols in strawberry leaves in both seasons. Table ( 5) reveal that increasing the nitrogen fertilization rates from 83 to 134 kg N/feddan increased leaf relative water content values in both seasons. However, the differences were not significant. On the contrary, increasing the nitrogen rates gradually decreased leaf membrane stability index in both seasons. In this connection, previous studies showed conflicting results on the impact of nitrogen rates on both leaf relative water content and leaf membrane stability.
Leaf relative water content and membrane stability index
Data in
Lu et al (2004)
found that high rates of nitrogen fertilizer increased the relative water content, while Namvar and Khandan (2015) reported that both relative water content and cell membrane stability were decreased with the high rates of nitrogen application.
Concerning the phosphorus effect, data in Table ( 5) show that increasing the phosphorus rates from 38 to 98 kg P2O5/feddan resulted in increases in relative water content and membrane stability of strawberry leaves in both seasons. However, the differences were not significant for both parameters in both growing seasons. The obtained results are consistent with the earlier studies which reported that the phosphorus fertilization levels did not affect significantly the leaf relative water content and the membrane stability index in cotton (Singh et al 2006) , and maize (Naghashzadeh, 2014).
Furthermore, the interaction between nitrogen and phosphorus fertilizations did not affect both tested parameters, indicating that both factors acted independently for the two characters.
Crown diameter and crown carbohydrate content
Results in Table ( 6) revealed that crown diameter accompanied with accumulation of carbohydrates in strawberry transplants were increased with increasing the nitrogen rates. The applications of 117 or 134 kg N/feddan gave the highest significant values of crown diameter and crown carbohydrate content, while the 83 kg N/feddan application gave the lowest significant values for both parameters in both seasons. It is well known that starch (non-soluble-nonstructural carbohydrate), glucose, fructose and sucrose (soluble nonstructural carbohydrates) are the predominant carbohydrates in the crowns of strawberry plants (Macías-Rodríguez et al 2002) which are affected by the nitrogen supply. In this connection, previous studies showed conflicting results on the impact of nitrogen rates on the accumulation of carbohydrates in strawberry crowns. Carrillo-Mendoza et al (2005) found that the N foliar application to strawberry plants in nurseries increased the content of total reducing sugars in the crowns, while the accumulation of starch reserves and the photosynthetic rate did not affected by the treatment. However, Verpont (2003) showed that the nitrogen fertilization didn't affect the total nonstructural carbohydrates. On the contrary, high rates of nitrogen decreased the total nonstructural carbohydrates in crowns These conflicting results may be attributed to the fact that the accumulation of carbohydrates is highly specific for individual carbohydrates and different plant tissues, and further depend on other environmental factors (Druege et al 2004) .
As for the effect of phosphorus fertilization, the highest rate of phosphorus (98 kg P2O5/feddan) gave the highest values of crown diameters in both growing seasons, while the high rates of phosphorus applications (74, 86 or 98 kg P2O5/feddan) gave the highest values of crown carbohydrates without significant differences among them. On the other hand, the lowest rate of phosphorus application (38 kg P2O5/feddan) gave the lowest values of both characteristics in both seasons. These findings are in agreements with those obtained by Hermans et al (2006) who stated that under phosphorus deficiency, starch and soluble carbohydrates are expected to accumulate in the source organ (leaves) and diminish in the sink organs (in our case, crowns).
Although the interactive effects of nitrogen and phosphorus fertilizations were not significant on crown diameter in the first season and crown carbohydrates in both seasons, the applications of 117 or 134 kg N/ feddan with 98 kg P2O5/ feddan gave the highest values in both seasons. The increments in strawberry crowns resulted from fertilization with nitrogen and phosphorus are well related with the increments in the growth parameters Tables (2 and 3) , since carbohydrate is important in energy production which is necessary for cell activities. Table (7) show that the 117 and 134 kg N/feddan applications gave the highest percentages of nitrogen, phosphorus, potassium and magnesium in leaves, and the lowest calcium percentage in both seasons. However, the 83 kg N/feddan gave the highest calcium percentage in leaves; but it gave the lowest percentages of nitrogen, phosphorus, potassium and magnesium in both seasons. These results agree with those reported by Verpont ( that the increase of nitrogen rates increased nitrogen concentration in leaves, roots and crowns. Potassium, calcium and magnesium compete with each other in the uptake by the plants (Evangelou et al 1994) . Nitrogen fertilization had inconsistent effect on potassium and calcium concentrations in the plant, but generally increases magnesium concentration in the plant (Barker and Pilbeam, 2015). When supplies of cations are plentiful and nitrogen is taken up mainly as nitrate, the plant mineral concentrations may increase owing to the synergistic effect between nitrate and other cation uptake (Whitehead, 2000) . The decrement in calcium percentage may be attributed to the increment in potassium owing to the antagonistic effect between each other concentration in the leaves of the plants.
Leaf mineral analysis
Data in
Concerning the phosphorus fertilization rates, the 86 and 98 kg P2O5/feddan application gave the highest percentages of nitrogen, phosphorus, potassium, calcium and magnesium in both seasons, while the 38 and 62 kg P2O5/feddan application gave the lowest percentages of nitrogen, phosphorus, potassium, calcium and magnesium in both seasons. These results are consistent with Li (2009) on Festival strawberry cultivar that the plant phosphorus accumulation could increase with linear and quadratical effects of plant nitrogen accumulation. The deficiency of phosphorus leads to a lack of energy supply, which can result in limitation in the active uptake of nutrients such as potassium (Barker and Pilbeam, 2015). If phosphorus was applied in conjunction with ammonium, a beneficial interaction occurs. This interaction enhances the plant uptake of both minerals owing to the increase in phosphorus solubility, shoot and root growth (Sumner and Farina, 1986, Bundy et al 2005). Also, positive interactions between P and Mg are expected since Mg is an activator of kinase enzymes and activates most reactions involving phosphate transfer (Hawkesford et al 2012) . In addition, phosphorus has antagonistic interaction with calcium in soil due to chemical bonding with phosphorus, for which precipitates are not very soluble, especially in alkaline soils. These precipitates can also occur within roots and other plant tissues, but the acidic biological environment allows for solubilization more readily than with soil (Barker and Pilbeam, 2015).
In addition, the interactive effect of nitrogen and phosphorus fertilization rates on percentages of phosphorus, potassium, calcium and magnesium in leaves were non-significant in both seasons, however it was significant on nitrogen percentage. The treatments which gave the highest nitrogen percentage in leaves were 100 kg N/feddan with 86 kg P2O5/feddan, 117 kg N/feddan with 74 and 86 kg P2O5/feddan, and 134 kg N/feddan with 38, 62 and 86 kg P2O5/feddan. Increasing the fertilization rates of nitrogen and phosphorus increased the mineral contents in leaves of strawberry plants. This may be attributed to the transplant vigor and the increase of the vegetative growth, i.e. root length, plant length, number of leaves/plant, average leaf area, fresh and dry weights of roots and vegetative growth, as mentioned in Tables (2 and 3) , also the increase in the crown diameter and crown total carbohydrates and SPAD reading as mentioned in Tables  (4 and 6 ).
CONCLUSION
Nitrogen and phosphorus are the main nutrients that affect the number and quality of strawberry transplants in the nurseries. It is the first scientific research addressing the optimal requirements of both elements for strawberry nurseries in Egypt. The current study demonstrated that increasing the rates of nitrogen and phosphorus fertilizations increased the number of main runners/mother plant, number of marketable transplants/m 2 , and all quality parameters of the produced transplants, recommending to the nurserymen of Festival strawberry cultivar to apply 117 or 134 kg N with 98 kg P2O5 per feddan in pure sandy soil which gave the highest number of transplants with high quality and subsequent high quality crop in the field.
